Background: Skeletal maturation is an integral part of individual pattern of growth and development and is a continuous process. Peak growth velocity in standing height is the most valid representation of the rate of overall skeletal growth. Ossification changes of hand wrist and cervical vertebrae are the reliable indicators of growth status of individual. The objective of this study was to compare skeletal maturation as measured by hand wrist bone analysis and cervical vertebral analysis. Materials and Methods: Hand wrist radiographs and lateral cephalograms of 72 subjects aged between 7 and 16 years both male and female from the patients visiting Department of Orthodontics and Dentofacial Orthopedics, R.V. Dental College and Hospital. The 9 stages were reduced to 5 stages to compare with cervical vertebral maturation stage by Baccetti et al. The Bjork, Grave and Brown stages were reduced to six intervals to compare with cervical vertebral maturational index (CVMI) staging by Hassel and Farman. These measurements were then compared with the hand wrist bone analysis, and the results were statistically analyzed using the Mann-Whitney test. Results: There was no significant difference between the hand wrist analysis and the two different cervical vertebral analyses for assessing skeletal maturation. There was no significant difference between the two cervical vertebral analyses, but the CVMI method, which is visual method is less time consuming. Conclusion: Vertebral analysis on a lateral cephalogram is as valid as the hand wrist bone analysis with the advantage of reducing the radiation exposure of growing subjects.
Introduction
Skeletal maturation refers to the degree of development of ossification in bone. During the growth, every bone goes through a series of changes and the sequence of changes is relatively consistent for a given bone in every person. The timing of skeletal maturation varies because each person has his or her own biological clock.
One of the important diagnostic tools currently used is the hand wrist radiograph in determining the onset, staging, and completion of pubertal growth. The use of stages of ossification of these bones in the hand is considered as a reliable method in predicting the skeletal maturation. 1 In recent years, the evaluation of cervical vertebrae in lateral cephalogram has been increasingly used to determine the skeletal maturation. The distinctive advantage of the cervical maturity evaluation using lateral cephalogram is that it doesn't imply extra radiation exposure for the patient. The changes in the shape of the cervical vertebrae that is the concavity of the inferior edge and the vertical height can help in determining skeletal maturity and residual growth potential.
Aims and objectives
Hence, comparison of hand wrist bone analysis with two different cervical vertebral analyses was done in this study: 1. To assess, compare and correlate hand wrist bone analysis with two different cervical vertebral analyses in measuring skeletal maturation. 2. To compare and assess the correlation between two cervical vertebral analysis in measuring skeletal maturation. 3. To simplify the method of assessment of skeletal maturation of the patient, at a reduced radiation exposure, cost, and time.
Materials and Methods

Source of data
The study sample consisted of hand wrist radiographs and lateral cephalograms of 72 subjects aged between 7 and 16 years both male and female from the patients visiting Department of Orthodontics and Dentofacial Orthopedics, R.V. Dental College and Hospital.
Inclusion criteria
The samples without serious illness, normal growth and development, no previous trauma or injury to the face and hand wrist region, no congenital or acquired malformation of the cervical vertebrae or hand wrist is included in the study.
Exclusion criteria
The samples that are not included in this study are with any congenital or acquired the malformation of the cervical vertebrae or hand wrist is not included in the study.
Methodology
Standardized Lateral cephalogram and hand wrist radiographs of each patient were taken. The lateral cephalogram and hand wrist radiographs are coded and randomized. Method used to assess the skeletal maturation using hand wrist radiograph is Bjork Grave and Brown method in which the nine stages were reduced to 5 stages to compare with cervical vertebral maturation stage (CVMS) by Baccetti et al. 1 The Bjork, Grave and Brown 2-11 stages were reduced to six intervals to compare with cervical vertebral maturational index (CVMI) staging by Hassel and Farman. 
Visual analysis
The morphology of three cervical vertebrae (C2, C3, C4) was evaluated by visual inspection.
Cephalometric analysis
On the lateral cephalograms, the following lines and points to define the morphologic features of the cervical vertebrae were traced and measured with the use of a micrometer calipers ( Figure 1 ): [12] [13] [14] 1. C2p, C2m, C2a: The most posterior, the deepest and the most anterior points on the lower border of the body of C2. 4. Agreement analysis was performed to obtain the kappa value to find out the matching of between stages between hand wrist and the cervical methods. Tables 1 and 2 , Graph 1, comparison of CVMS and hand wrist analysis was done, and it was observed that, using Mann-Whitney test the CVMS and hand wrist analysis showed P > 0.05, which explains no statistical difference between both the methods.
Results
According to
Agreement of matching of samples in each stage is shown in Graph 1. The above graph explains matching of samples in each stage of CVMS when compared with hand wrist analysis. In Comparison of CVMI and hand wrist analysis is explained in Tables 3 and 4 , Graph 2, which was done using Mann-Whitney test, the result showed no significant difference between both the methods with the P > 0.05.
Matching of samples in both the CVMI and hand wrist method is tabulated in Table 4 According to Table 5 comparison between CVMS and CVMI method, was done using Mann-Whitney test. The results showed no statistical significant difference between both the methods with P > 0.001 and hence both the methods are similar and can be used to assess the skeletal maturation of the patient.
Agreement of matching of samples in CVMS and CVMI methods in each stage is tabulated in Table 6 
Discussion
In Dentofacial orthopedics, growth modulation procedures are carried out on each patient based on the growth potential of the patient during the skeletal maturation period. Skeletal growth velocity or skeletal maturity cannot be predicted by estimating the chronologic age. 13 Conventionally hand wrist radiographs have been used to determine skeletal maturation, as described by Grave and Brown 11 to take advantage of pubertal growth spurt, followed by Björk and Helm 10 who demonstrated the ossification of ulnar sesamoid bone that occurred at the same time as maximum growth rate in height.
Recently, the use of cervical vertebrae maturation has been suggested as a valid replacement to hand wrist evaluation as described by Lamparski 12 and then by Hassel and Farman. 7 The modifications in size and shape of the cervical vertebrae in growing subjects have gained increasing interest in last decades as a biological indicator of individual skeletal maturity. 10 One of the main reasons for the rising popularity of cervical vertebral maturation method is that it is performed on the lateral cephalogram of the patient, which is routinely used in orthodontic diagnosis thereby reducing exposure to radiation by an additional hand wrist radiograph. 5 Hence, this study was done to compare and assess the correlation between the hand wrists with two different cervical vertebral analysis and also to compare the two different cervical vertebral analysis and to assess the correlation between the two methods.
In this study, the comparison of hand wrist bone analysis and cervical vertebral analysis by CVMS method showed that there was no significant difference between both the methods in measuring skeletal maturation of the patient as the P > 0.05 (Table 1) , which is similar to study conducted by Baccetti, et al. 1 in which they explained that cervical method is as similar that of hand wrist method and thereby can be used in assessing the skeletal maturation of the patient by reducing the patient exposure to hand wrist radiograph.
In a similar study carried out by Baccetti et al. 1 the percentage of matching of samples in their study were significantly higher which is in concordance with this study, in which the agreement of matching of samples was very high with Kappa = 0.786
Graph 3:
Comparison of between cervical vertebral maturation stage and cervical vertebral maturational index. which showed strong agreement between the CVMS and hand wrist method, which is a significant finding in this study. This explains the validity of the use of cervical vertebrae in assessing the skeletal maturation of the patient. In agreement analysis overall, out of 72 samples 67 samples matched. Stage 1, 3, 4, 5 showed strong agreement of matching with Kappa = 0.60 whereas Stage 2 showed moderate agreement with Kappa = 0.492 [ Table 2 and Graph 1].
In the present study, it was found that the correlation between hand wrist analysis and CVMS method was significantly higher with r = 0.945 and P < 0.05. The results of the study show that cervical vertebral analysis which is similar to that of hand wrist radiograph, shows a strong correlation and hence can be used as a useful tool in determining skeletal maturation.
In the current study, the comparison of hand wrist analysis and cervical vertebral analysis by CVM I method, which is of six stages showed no significant difference between both the methods in assessing the skeletal maturation (P > 0.050) [ Table 3 and Graph 3], which is in correlation with study conducted by San Roman et al. 15 The results of the current study showed that there was no significant difference between hand wrist analysis and CVMI method in assessing skeletal maturation and also explained a new simple method to evaluate skeletal maturation taking morphological parameters of the cervical vertebrae. However, a similar study done by Garcia et al. 5 comparing the hand wrist with cervical vertebral analysis using CVMI method, showed there was no significant difference between both the methods, which is in concordance with the present study and confirms the validity of the use of cervical vertebrae in assessing skeletal maturation.
In a study conducted by Kucukkeles et al. 6 comparing hand wrist with CVMI method using lateral cephalogram showed that there was no significant difference in both the methods in assessing skeletal maturation of the patient and concludes both the methods can be used to assess the skeletal maturation of the patient, which is similar to this study.
In the present study, of 72 samples, 66 were matched with agreement of matching with overall kappa value showing 0.793 [ Table 4 ], which dictates strong agreement between both the methods similar to Gracia et al. 5 Individually, Stage 1, 4, 5, 6 had strong agreement of matching with a kappa value of 0.60 which is similar to the study done by Gracia et al. 5 and moderate agreement of matching in Stage 2 of CVMI.
In the present study, the correlation between both the hand wrist bone analysis and cervical vertebral analysis by CVMI method showed correlation coefficient r = 0.960 and the P < 0.001 which is statistically significant and shows that a strong correlation exists between both methods in assessing the skeletal maturation of an individual, which is higher than those reported by Uysal et al. 3 Similar study was carried out by Roman et al. to assess the correlation between both the methods showed strong correlation, which is in correlation with the present study in assessing skeletal maturation of an individual. 9 In the current study, comparison of two different cervical vertebral method showed there was no significant difference between both the methods with P > 0.001 [ Table 5 ] which shows that both the cervical vertebral methods are similar in assessing skeletal maturation of the patient. The CVMI method when compared with the CVMS method was similar and is done using visual analysis, less time-consuming when compared to that of CVMS method that is cephalometric analysis.
With agreement analysis showing kappa value between both the cervical vertebral methods is 0.863 [ Table 7 and Graph 3] which show strong agreement of matching that is a significant finding in this study. The correlation coefficient between two methods was strong with r = 0.974 with P < 0.01 [ Table 6 ] which is highly significant. The agreement of matching of samples was significantly higher. In both the CVMI and CVMS methods, the CVM I method which is a similar and less timeconsuming when compared to that of CVMS method has a distinct advantage of being a visual analysis than that of CVMS method which is done by measuring the depth of the concavity, vertical height of C2, C3. C4 by cephalometric analysis. Hence with the results obtained in the study it validated that cervical vertebrae can be used as a diagnostic tool in assessing skeletal maturation using both the CVMI and CVMS methods, thereby reducing patient exposure to hand wrist radiograph.
Conclusions
The comparison of hand wrist analysis and two different cervical vertebral analyses was done to assess the skeletal maturation of the patient. The conclusions obtained were: 1. There was no significant difference between the hand wrist analysis and the two different cervical vertebral analyses for assessing skeletal maturation. 2. There was no significant difference between the two cervical vertebral analyses, but the CVMI method which is visual method is less time consuming.
Hence, it can be concluded that both the cervical analysis are similar to that of the hand wrist method in assessing skeletal maturation. The ability to accurately predict skeletal maturity 
